. I st X - ”“'“~"‘:""‘%“’"‘v’“¢""{” L o 5.‘" e

"

A
&
§
{

t
N
3
334
X
.}
,2
R

SECURITY
MARKING

The classificd or limited status of this ropont appiios
1o cack page, uniess otherwise marked,
Separate page printouts MUST be marked accerdingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

%zs CONTENTS IN ANY HANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely :elated government procurement operation, the U. S. Goverament
thereby incurs no respomsibility, ner any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specificatioms, or other data is not
to be regarded by implication or otherwise as in zny manner licensing
the holder or any other persom or corporatiom, or conveying any rights
or permission to manufacture, use or sell zny patented invention that
may in any way be related thereto.

)

s W



-y # e
gong YR
o

,,.1 R
' 1“)’
RS PTR i,

m
TS e ‘%3‘5&&8
e n L

e m e = e B T e e g S

"REPORT NUMEBER 5'

THE USE OF POLYMER UNZIPPING FOR THE
- DETECTION OF BIGLOBICQLLY ACTIVE AGENTS

Fifth Progreés Report -
by

Edward B. Dismukes

December 6, 1865

US Army Edgewood Arsenal
~ CHEMICAL RESEARCH AND DEVELOPMERT LABORA?ORIES
Edgewocd Arsenal, Maryian¢ 21010

Contract No. DA18-035-A¥C-265(A)
Southern Resezapch Institute

2000 Ninth Avenue South
Birmingham, Alabama 35205 -

W
1 ' L
\ [
. ’ N ' I
A A A S SRS

T

o TR K s e S e R

§ ISRV RE S R RS < W T

[R5

NPT

2 A A byt 1




Defense Documentation Center Availability Hotice

Qualified requesters may coptain copies of thiz report from
Headquarters, Defense Documentation Centar, Cameron Station, Alex-
andria, Virginia 22314,

v ———— iy b o e

S ANCIPARS Fol i w5, o Sarimpmcrom s Wi o b dnt ¢ e o e it i e

P

‘_w:
KA S

- z - - . - . - - I - P . .
- - R o : - IS T e - - P T Tt et T T T e W PP TS e

e

o e

e et e e b a7 ooy e o 4] g Mg sobant




g amaty

b TERT e

|
|
|

o remem D e e ame e e sl e

e e

T eIl m e L Tl e

REPCRT NUMBER 5

THE USE OF POLYMER UNZIPPING FOR THE
DETECTION OF BIOLGGICALLY ACTIVE AGENTS

Fifth Progress Report

by

téward B. Dismukes

December 6, 1385

US Army Edgewood Arsenal

CHEMICAL RESEARCH AND DEVELOPMENT LABORATOKIES

Edgewood Arsenal, Maryland 21010

Contract Ho. DA18-035-AMC-265{(A)
Task 1A012501B02802

Southern Research Institute
2080 Ninth Avenue South
Birmingham, Alabama 35205

N G

R)
ETURIOVIUNSS X S L O L e DU 7S SR




TR WY vy

Liaad ot 2

Piiiua g ot

- o

FOREHORD

The research described irn this report was authorized under
Task 1A012561B02802, Baszic Research in Life Sciences, Chemical.
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DIGEST

The over-all purpose of the research discussed in this
repcrt is to determine the feasibility of detecting biologically
active agents by their initiation of the depolymerization of
certain polymers in a rapid unzipping chain mechanism. Continued
work on polymers of n-heptaldehyde has been done, since preliminary
results indicated that these polymers were promising for use in
detection. The uncapped type of polymer is far less stable than
the capped type, and the unzipping of the latter might be initiated
by the destruction of capping groups by bioiogically active agents,
such as phosphorylating compounds.

The earlier preparation of an acetate-capped polymer of hept-
aldehyde has been repeated successfully. This polymer will be used
in later, more extensive characterization studies, but it has ai~
ready been found to have about the same degree of stability at
room temperature in the solid state as the capped polymer investi-
gated previously. Light-scattering and viscosity experiments have
been conducted to gzin additional insight on methods to characterize
aldehyde polymers, but further work must be done before definite
conclusions can be drawn from the results thus far obtained. Some
new kinetic studies indicate that the rapid rates of depolymerization
of uncapped polymers observed previously were not due to the effect
of acid and thus prebably were essentially a measure of the autode-
gradability of these polymers,
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THE USE OF POLYMER UNZIPPING FOR THE
DETECTION OF BIOLOGICALLY ACTIVE AGENTS

I. INTRODUCTION AND SUMMARY

This is the fifth report on a study to determine the
feasibility of detecting biclogically active agents by their
initiation of the chain unzipping of polymers. In contrast to
earlier reports, which covered 3-month periods of work, this
report covers only two months, from June 15 to August 15, 1965.
Between August 15 and October 12, 1865, the work was interrupted
until additional supporting funds could be made available.

Earlier reports have inciuded a discussion of unsuccessful
attempts to synthesize a polyketal by the addition polymerization
of acetone by methods described in the literature. Since our
work on polyacetone was terminated,; a new publication on poly-
acetonel! has appeared, and negative results similar to ours are

reported. Thus, the wisdom of our terminating work on polyacetone
appears to be confirmed.

Our earlier reports, especially Report 4 dated August 2, 1965,
presented more promising results on polyacetals made by the
addition polymerization of aldehydes. Most of our work on
aldehyde polymers was done with poly(n-heptaldehyde). Although
yields of this type of polymer were variable, adequate quantities
were obtained for experimental evaluation. The most significant
finding on polymers of heptaldehyde was that uncapped polymers,
presumably with hydroxyl end groups, depolymerize far more
rapidly than a capped polymer with acetate end groups. As a
result of this finding, polyheptaldehyde appeared fairly promising
for the proposed use in detection, which depends on the rapid i
depolymerization of a polymer after capping groups have been i
destroyed by the agent being detected, ,
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1. V. €. E. Burnop, Polymer 6, 411 (1965).
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Although the depolymerization rates of the iuncapped hept-
aldehyde polymers were unequivocally greater than that of a
capped polymer, the rates for the uncapped polymers prepared
by different methods differed considerably. The reason for
the different rates is not known, since adequate methods were
not known for characterizing the relevant properties of the
aldehyde polymers, especially molecular weight.

- e e

The work described in the current report included experi-
ments on the determination of the molecular weights of aldehyde
polymers. It also included the synthesis of a new polymer
sample and scme new kinetic experiments. The work on methods
for adequate polymer characterizations, such as molecular weight
determinations, will be continued now that additional funds have
been made available for the research.

IT. SYNTHESIS OF CAPPED POLYMERS OF n-HEPTALDEHYDE

Report 4 discussed the successful synthesis of an acetate-
capped polymer (3763-72). The steps in this synthesis were: the
polymerization of 0.15 mecle of heptaldehyde with 0.0014 mole of

, potassium triphenylmethoxide catalyst in hexane at -75°C; the .
| treatment of the unisolated. uncapped polymer with a mixture of !

‘ pyridine and acetic anhydride to convert hydroxyl end groups to .
acetate end groups; and finally the isolation and the purification . 2
of the capped polymer by filtering the polymer-solvent mixture, | B
heating the polymer in tetralin solution to degrade any residual -
uncapped polymer, and extracting any remaining impurities with in?
ethanol in a Soxhlet apparatus. |

Virtually the same procadure was followed to prepare 5
another sample of capped heptaldehyde poliymer. The product, ﬁ
designated 3763-97, represented a 9% yield from the amount of !
monomer used; its elementcl analysis was 73.23% carbhon and f
12.06% hydrogen, in comparison with theoretical values of B
73.68% carbon and 12.28% hyarogen (based cn the analysis of .
the monomer). :
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The yvield of 3763-97 was only one~half of that of 3763-72.
At leasi part of the difference is attributable to the longer
extraction time used to purify 3763-37, and the correspondingly
greater amount of this product lost in the solvent. Part of
the product lost was recovered and subsequently identified as
polyheptaldehyde by its infrared spectrum. This material,
designated as 3763-100, presumably had a lower molecular weight
than 3763-97; and its elemental analysis of 71.68% carbon and
11.97% hydrogen indicaired that it was less pure.

An unsuccessful attempt was msde to prepare an acetate-
capped polymer by starting the polymerization of the heptzldehyde
monomer with n-butyllithium as the catalyst. Except for the use
of butyllithium in place of potassium triphenylmethoxide, the
procedure followed was the same as the one described above.
Evidently, butyllithium is a relatively poor catalyst for the
polymerization of heptaldehyde, since it previocusly gave a
relatively low yield of uncapped polymer.

ITI. CHARACTERIZATION OF POLYMERS OF n~HEPTALDEHYDE

A. Molecular Weights

The determination of the molecular weights of uncapped
polymers of heptaldehyde is complicated by the unstable nature
of these polymers. Consequently, methods of determining
molecular weights of heptaldehyde polymers have thus far been
explored with capped polymers. Work based on light-scattering
and viscosity determinations has been continued.

1. Light scattering

Light~-scattering data were obtained with a Bryce-FPhoenix
photometer for Polymer 3763-72 in two solvents, tetrahydrofuran
and carbon disulfide, and the results are presented in Figure 1.
The data for tetrahydrofuran solutions were discussed in Report 4,
but the data for carbon disulfide solutions were obtained since
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Figupe 1, GLight-Scattering Datas of Acerate-Capped Polvmer
3763-72 in Carbon Disuifide and in Tetrshydrofuran

[CSy:HC/z = 58.85% = 1e=3{an/c){anie);
TEF:HC/t 3 12.22 % 18~%an/c3{sn/e)]
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that report was issuved, Tke values of Ecft skown ia the figure for
e=ch type of solucticn were caicniated Ircz the eguatizn given

in the capticn of thz figure, with the (2afc) valiuve egral o the
agverage refractive index izcrexent deteyminad for focur poiyzer
concentrations and wits the {infr) valuss calcuizted frcm éata

ior ingdividmal polymer ccncentraticas.

h

Tk2 reciprocal of the Zimiting vaiee eof Eoft at Iipfinite
Giluticn is thesgreiiealiy egmal to the welght-average nslecnizpy
weight, M. Valves of ¥, czicmizted from the éxt= Ior the ko
soiutions - (6,000 axé 3TJ,C037 - differ by more th=m am order of
magnitefe.® There zre three presidle explamziicns for this very
lzrge differenmce: (1) poismer €ecomposiricn might kave cacsad 2
Zacrease in M, doring The S-week inmterva® betwezen the two

Cetermiraticns; {2) The polymer might have besp frocticoated
differentliy by the twp soivents (ezch spivenmt faliled to éissalive
the polyxer completely); axmd {2) tE= light-scatteming éata ohizized
with telrshydroicran as tha solvent mdght Be errczents, due v the

segarzticn of sclid polymer im the iight-scattering cell after the
soluticn had been filtered. In the experimemts with tetrskydrcicrsn,
scae evidsproe of precipitatic: was zoted axd attritufed to cocling

as part of the volztile solivest eveporated. This effect is consicered
tc e the most proi=bie exslzms=ticn for ths éifference In ¥y v=_wee.
Toeil forizer work o2 Rignt scattericg is éome, the walre of My
chtaired with carton disuifide will be regewdsd 25 more relizbla.

2. Yisconetiry

FPrevicrsly rzporied wviscosity dzta for carison tetrachlorige
soluticns >f Pelymer 3783-72 zre imcliuvf=d ip the table cx the
fcilowing page. Simce valuss ef the specific visccsity,

%* In view of the scatter im the experiment=2l d=ta, there is =n
wmeertzinty of a#f ieast 25% im ezch value, but the tuwe values
are still mmuistsksbly different.
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{nfnp~-1), <£3Eé mot @iffer srrreci=dly Ifrocm zsro, an accoate
valrve of the imtryinsic viscensity oguid mpt e citairzes By
extrapoliating (nfog-1Ve o ~?=0. Ecwever, the estimated
valte of [nd was in the rzxge of 2.02 o C.1.

Pepemt éztz Lave revezled a greater viscosity =28fect
by this polgrer in chiormcicorm thzm 3n cardom tetrachicrides,
as stouz by cocuzarative €ata in the tatle. Yaites of
(2fng-1YE were caiculated axd extrapslated, yieldimg em
spzarent imtrinsic viscrsity valce of 0.26. Eowever, the
sicp= of (nfrg-Llic® verscs ¢f was megstive, an axom=icTs
resuit of the itype excoimtered waith polyelectrolgtes.? Thus,
the zpoarent valte of I~]1 mey nmot ke therrerically sigmiffesmz,

Tawp sets of @zta for PFolymer ITES-T72, cttaimesd withk w0
different viscomsters en? listez im the iast orluaxm of the 2%z,
stowed 2 viscosity effect wizse megmitvde w2s intermedizfte Inm
COIDErisos Witk That iz caricz tetrachloridsz amd tE=T Iin ehicro-
form. Cze set of veluwss, plorted iz Figmre 2, shows thar Ind is
C.18, &hout the s=ms as the reswlt frem the cffer set of weloes.

Viscegsity data were a2iso git=ine?d for =—othsr capped
poliymer, 3752-87 (ses Secticm IX), =z the results are imciudss
in Figoxe 2. TFor this polymer, the slepe is megative rather
then pesitive, waich wozild be theoretic=23y more acceptarzis.

It is dodtfui that t.= =pproximste eguality of the apparent
valzes of Enl for Polymers 37£2-72 a=d 37F2-37 mezms that Eeotk

~-n - - b mdle o - & £ ” -
tace the ssme melecmizr Jedght, Iafta st o' = 2.5 gF/iT0 @k

inficate that 3763-97 has a icwer molecmiar weight.

EAGETiomal work o= scluticn viscosities will be peressary
before zmy ocrcoivsigons c=2n Be rezckhed 2%gut solvemts that are
svitable for cdtaining mplecular—weight imformation Eased on
igtripsic viscosities.

2. f. ¥. Biiizeyer, Jr., “iezxctbcok of Polymer Sc
Inferscience Prebliskers, New Yerk, 1362, p SE.
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B. IDepoiyrerdizaiicn Ximeties

The radid rates of depolyrmerizaticn previctsly ciserves
for umcapped Meptaidehyde polymers in cardeon tetrachlerids
couid ot be strtributed alicgetfer %Yo the aumtodegrafssility
of this type ef polymer. Ragpid depolymerizatien might kave
tezn carses Im part By acid imzerities, which cause the cleavage
of aigehyfs polgymer chains =i the zcroeleraticon of degolymerizatiicn

-

- - »
b vt ——. — -
!-:a. 75 A =!::ynt° m ﬁ g Ryrag s -

In order %c evaiuzte the possible effect of acid imprrities
in the past experizents, we pericrmes two experiments iR
Tegptenoic =i 22222 o caricn tetTechicrids solupticos of &
acztate~capzesf poliymer. Simrce this polymer (3783-72) wes fot=g
te B2 giztle when atid was pot Intexiticxzaily eidad, eny acoeliera-
tign 3z its rate of depolymerizaticon with the zoid wouid be
atrriyurable o acid-infured eka=in cleavage.

In eze exgerimsnt, the sciuiicn cgmtaszez 0.0 gfmi of
polymer ant 0.C22 giml of acid; iz the other cxparimsmt, the
coluticn was prepared by diluting the first peolymer-acid soluiion
with zn egumal volume of water-saturated carbeon tetrachicrice.

. infrared spaoira of the polymer scluticas were reccrdss =t iImtervals
over a pericd of 22Zmest 32 komyrs. There w=s ED evidanre of oy
Zepoligmerdzaticon Iin eltiesr sciuticn. The imfrered spectre showed

- that %2 comcentraiicn of adfzd acid in Dotk sypariments was far

greater than that of zzmy escid impmrity 3ir previcusily siudied
soiuwtions of rmospped polymers. Comseguently, the repid &spoiy-
meriz=iicn retes of the latiter zgpparentliy were not ¢tz to ie
effect of acid or to {he comdimed effects of a2cid amd water.

Polymer 3753-72 has now be2n stored for © moaths im a ial
2t TooX tenmperature. 5o evicszee of ircrescing depolymerizeii
has been meoted doring this time. Acte=2ily, ksptaldshyds is datectasbie
in tke szzmple by cofor, But it Eas aiwsys been presemt &S == impurity.
In contrast to this sisble czpped polyzer, tmeapped polymers depoly-
! merize sp corpletely t=der the same coxnditiczme that they becoxe
liguids gvernight,

NCERE R

™~
=

Poiymsr 3723-87, azother epf-cagped TOlymer, ka2s Leen stored

.

B

| z zolyme
! iwmger the conditicnms dsseribed above, and 1t is agparently u:changed i
e ! after 3 momiEbs. i
; 7
3 4
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IV. CSXCLUSICNS 20D PLayNS IR TUTUZE WIRE

Tae Qariier preparstica of a acetate-capoed polyxer of hepi-
2icehyde kas been repeatesf successinilly, This poly=mer will Be
rvsed in later, more extexsive charzctsrizaticon stusiss, but it k=g
2le2fy been fommgd to have ahkaumt the saxme cdegree of stability as
2 soiid at rorm texperature =s the capped polymer investigsted
previeomsliy, Light-scztterimg anf viscosity experiments have b=en
confucter 4o gain zfiitionz=i irsight cn methods to charecterize
2icahyde pulvmers, tat further work mtst be doze bBafpore da2finite
coxcitsi yns czn be drawn Ifrox the resulis thes far cii=izmed. Some
zew rametic studies izdiczte that the rapid rates of cespolywerizaticn
of mmTruped molymers ciservesd previctsiy were ot dr2 to the effect
of aciu =@ thus pro2=tly were essentially a messure of the aato-
Segradability of thege polymers.

C=r immedizte pilams for ferther work czll for the preparaticon
of scme nzw sampies of utzcapped polymers of keptaidehiyge =2nd for
& stuily of the viscesities of variors soluticms of these polymers.
Wz plzm to wse splvants such as carbon tetrachlorids, ckloroiorm,
carbon displfidse, and teirchydrofuran, axf o measure the viscosit
of ezch soluticn &5 & fumcticn of time =t I0°C apzf a2t 2 Egwer
temoersttre, probally rear S°C. The rates at which spimticn
viscositlies approach spivent viscosities shounid indicate how stable
the polymers ore In VEricIS Solivemis 2t e Two temperatmmes. Ya2
rate dzta wili be of infterest as basic kimetic informaticn, but
thsy w212 2iso b2 used to select conditions which <0 mot cavse
rapié depolymerizaticn and which m=y thus be vsed to chtaim
inforwstion o molecular weights.

¥2 expesct to be able Yo evalwaie the intrimsic wviscosities of
sevarsl uocagpetd polarers in o2 or more solvemts, but only at a
igw temperature. If we are ble teo evalwste intrimsic wiseosities
of uncapp=@é polymers, we wili then evalnate the iIntrimsic
wviscosities of several cappsd priyzmers wmder the saxze condéitionss
Eetermine The molecular weights of the stable capped poly=ers by
Iizhi-scatiering Tessurezents at rocx texperzture;s and fipally
correlate iptrinsic viscosities and molecuizr weigits by means

% W2 2re not eguipped to conduct light-scattering experimeats
except 2%t roon tezperature; thus, we probzably will not be
a2ble 0 €5 light-scattering experizents Girectly on uncapped
Doly=ers.
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of the Staudinger equation, Inj = X®. The constanis X znd «
in the Stau..nge” eguation should ke equally valid for capped

and yneapped pol y=ers, and they should per=mit us to calcuiate
molecuiar weights of uncapped polyzers fron intrinsic viscosities.

I"

After finding a2 way to evaluate molecular weights of uncapped
polyzers, we will then attempt to develop rethods tc characterize
the end groups of heptaldehydz polymers, cf both capped and umcapped
types. Ws do not believe that 211 end groups are either acetate
or hycéroxyl groups,., since sc=e pay be residues of the pol ymer1zatlon
catalyst. To cheracterize enéd groups, we plan to use both infrared
spectra ancé chemical analiyses.

Once w2 have acdeguate ethods to deternine rolecuizr weights
and characterize end growss of uncapped poliveers,; we will study the
influence of these properties in aepogy:erlzat.on rates. ¥e
believe that differences in cone or both of these properties will
bz fowmd to affect depolymerization.

We will sahseat:ntly conduct detziled studies on Gepoclyzerization

-.-.-

as 2 fimetign of extrinsic factors, such as solvent, light, and
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